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Abstract: Ecosystan elament balance has been amain focus of global change ecology and biogeochemical cycle research
This paper first introduces progreses in ecological swichiometry and carbon, nitrogen and phoghorus cycles Then
goplication of C N P stoichiometry in nutrient limitation, biogeochemical cycle, forest succession and degraded land is
reviewed, egecially in the fields of distribution characteristics, indication role, effect on carbon sequestration and human
activity influence on il C N P ratic We al® disuss future research directions in ecological soichiometry. The
development of ecological stoichiometry theory and research method can help us better understand nutrient controlling factors
of plant-litter-s0il interaction It ismore important to reveal interaction anong carbon, nitrogen and phosphorus in order
provide insight and theoretial foundation for alleviation of greenhouse effects

Key W ords ecological stoichiametry; il CN P ratio; element cycle, energy balance

[1 3] [4,5]

(30670312) ; 973 (20020B412501)
: 2007-03-24; : 2008-05-01

(1972 ), . Etmail: svang@ igsnrt ac cn

Foundation item: The projectwas financially supported by National Natural Science Foundation of China (Na 30670312) ; National Key Basic Research
and Development Program of China (Na 2002CB412501)
Received date: 2007-03-24; Accepted date: 2008-05-01

Biography:WANG Shao-Qiang, Ph D. , A sciate profesor, mainly engaged in global change ecology, biogeochemical cycles E-mail: sqvang@ igsnre
ac cn

http: //www. ecologica cn



3938 28
( ) el
(7 9
(ecological sioichiometry) ,
[10 12] [12]
[13, 14]
50 (]
[12]
. [12,14]
[12]
[12 15]
11
[5, 10]
(5]
[10]
12
[16]
[17]
[18,19]
[20] [21]
[22]
[24]

(224 W ardle

N P )

http: / Mwmww. ecologica cn



3939

8
(2] NP
: , N P
[11]
13
/ 1
[6]
[23] /
( )
(2] CNP
(1)
? (2)
? CNP ,
[ CNP
1 ( )1
, CNP ,
( )! - - 1
2
(CN P ratio) ,
CNP :
: , CNP
, CN 101 121 ,
20 1, CN 81 151, 101 121 ,
CN (27 CNPS
110 10 1 4 1 3 194 10 1 2 1 6 113 10 1 3 1 3 147 10 251 4 140 102 2 1 2 1
144101 9 1.8, , CNPS 140101 31 3, CP CN
CP [2]
CN , , CN 13 17,
cN ™ ( )
, CNP (0] CNP
, , CcP
21
, CN , :
, CN 101, 40%
, 25 1 , CN 25 1
(5] CN , - CN ,

http: / Mwmww. ecologica cn



3940 28

(5] , CN ,
1 1 1 C N 3 C N
CN :
’ ,C N ,
(2] , CN , ,Batjed™!
CN , CN 2 70 ,
CN (Yemols) 99 (Hisbols) 29 8
, CN 13 339, CN 101 121 (27
CN :
CN [4]
CN 10 CN 30 (Hisbls) , , 240Pg”!
, Schipper ¥ CN 910 11
CN , CN ,
CN , CN ,
CN :
22
CNP , : :
C N P [31,32]
CNP
[5,6,10, 24, 33] N P
, (34,3 , NP <14 ., NP
>16 (%] , CN CN
[31,32,36] C N 30 30
321 Ajtkenhead and M dDowell™" CN (DOC)
DOC 99 2% , ,CN
[10]
[34,35] , N ;D ,
[35]
( NP ) (17.38] N P
, CNP CPCNN
P , ? 2
23
3 - 1
; el : : (1)
1 (2) C: 1 (3) C: C:
[23, 39 42]

http: / Mwmww. ecologica cn



8 : 3941

[6]

C 1
[43]
[44 46]
( CN ) (
) (47] CP
(4l , CP 7 30
CP ,
;CP ,
[48]
[6]
GO, CN ' CN
[49 51]
[6]
[6,52] \ i ~
[23] [7,8]
[53,54]
[12]
( CNP) B, CNP
2 4
, CNP
[47]
CN N P N P
CN CN 2l CNP 3
McGroddy '*" ( )
, , CNP 1212 28 1, CNP 3007 45 1,
Redfield , CNP CNP
[38]
. [55] . )
. : N P
[57], , N P ( )
(2] N P

http: / Mwmww. ecologica cn



3942 28
[56] , N P ’
[57]
(s8] CNP ,
Mcgroddy ' CN CP
’ C N y C N y
CNP
( YJCN P ,
CN CN
: T, CNP - -
471 Daufrese and Loreau ™! ,
/ , , CNP
/ [47]
- - [55]
CNP ,
[61]
b ( ) y
, , Stenter  Elsert™
[10, 14] , ( )
( ) [12]
[5]
e 140 x10° ta ', 300x10°tat ™
(I)Z ] ( [} - ) [
[33] , CI)Z
[64 68]
9x10ta’ 55x10°ta '®  Fakovsi ™Y , CNP
13% 108%  400%, CNP 20333 43 1, CNP
667 12 1 , (3]

http: / Mwmww. ecologica cn



8 : 3943

CNP ,
[33]
[10]
[33]
[69 72] [73 76]
[11,12] [57]
, N P
Han 753 ;
N P 186 L21mgg"' 14 4 : (
) NP : N P
[77]
N P cP |, - - ,
, 5
(1) , CNP
[14]
? ?
? y ? L]
rae CNP , CNP
(0% Mcegroddy 1! 3 (1) CNP
, Redfield 2 (2) CNP
2 (3) ( )
?
, CNP
CNP ,
, , CNP

(2)

[61]

. (1) .

http: / Mwmww. ecologica cn



3944 2
- ; (2) i
(3)
CN CN "
CN "
( ) [9]
[79]
( ) 1 ’
CN P
CNP
(4)
i) ( )
(e) « ) :
| @ CNP (
)
[10]
, , CNP
, CN P :
(5)
CNP ’
’ , CN CP NP , CNCP N
P [16,23,25]
[16]
[59,81]
0.8 % ,Reich and Oleksyn'*®! 452 1280 5087
, N P
: (1)
; (N P ’
[16]
[16]
CN P , CN P

http: / Awww. ecologica cn



3945

References

[1] La R Soil carbon sequestration impactson global climate change and food security Science, 2004 304

[2] Stevenon FJ, ColeM A. Cyclesof @il carbon, nitrogen, phophorus, alfur, micronutrients USA: JohnW iley & Sons Inc, 1999

[ 3] <chipperL A, Percival H J, Sarling GP An goproach for estimatingwhen ilswill reach maximum nitrogen storage  Soil U s2 and M anagament,
2004, 20: 281-286

[4] HanX G, LiL H, HuangJH. An introduction © biogeochemistry Beijing Higher Education Press, 1999

[5] Chein SF Ill, Maton P, Mooney H A.  Principlesof terrestrial ecosystan ecology  SoringerV erlag, Nev York , Inc, 2002

[6] HesenD O, Agren G I, Anderon T R, et al Carbon sequestration in ecosystens the role of sbichiometry Ecoology, 2004, 85(5): 1179
- 1192

[ 7] GiadinaC P, RyanM G Biogeochamistry-il waming and organic carbon content-reply. Nature, 2000, 408: 790

[ 8] GracelJ, RaymentM. Regiration in the balance Nature, 2000, 404: 819-820

[ 9] Hobbie SE, Nadelhoffer KJ, H gberg P A gnthesis The role of nutrients as constraints on carbon balances in boreal and arctic regions Plant
and Soil, 2002, 242: 163-170

[10] StemerRW, ElserJJd Ecological soichiometry: the biology of elenents fran molecules © the biogphere Princeton: Princeton University Press,
2002

[11] ZhangL X, Bai Y F, Han X G Application of N: P Stbichiametry to Ecology Studies A ctaBotanica Sinica, 2003, 45 (9): 1009-1018

[12] ZengD H, Chen GS Ecological stoichiametry. a science to explore the camplexity of living sysems A cta Phytoecologica Sinica, 2005, 29(6) :
1007-1019

[13] ElseJdJ, FaganW, Denno R F, et al Nutritional constraints in terrestrial and fredwater food webs Nature, 2000, 408: 578-580

[14] MichaelsA F The ratiosof life Science, 2003, 300: 906-907.

[15] Schindler D W. Balancing planets and molecules Nature, 2003, 423: 225-226.

[16] Reich PB and Oleksn I Global pattemsof plant leaf N and P in relation to temperature and latitude PNAS, 2004, 101(30): 11001-11006.

[17] Glswell S, Freanan C Enzyme activity duringN- and P-limited decomposition of wetland plant litter Bulletin of the Geobotanical Institute ETH,
2003, 69: 95-106

[18] Cordell S, Goldstein G, Meinzer F C, et al Mormhological and physiological adjusment ©o N and P fertilization in nutrient-limited M etrosideros
polymorpha canopy trees in Hawaii Tree Physiology, 2001, 21: 43-50.

[19] Cordell S, Goldstein G, Meinzer F C, et al Regulation of life-gan and nutrient-use efficiency of M etrosideros polymorpha trees at o extreanesof
a long chronoseguence Oecologia, 2001, 127: 198-206.

[20] Harringpn R A, FowvnesJ H, Vitusk P M. Production and resource use efficiencies in N- and P-limited tropical forests a camparion of
reponses o long-tem fertilization Ecosystans 2001, 4. 646-657.

[21] Hobbie SE andVibusk PM. Nutrient limitation of decomposition of Havaiian forests Ecology, 2000, 81: 1867-1877.

[22] Vibussk PM and Farrington H. Nutrient limitation and il development experimental testsof a biogeochemical theory B iogeochemistry, 1997,
37: 63-75

[23] HerbertD A, WilliansM, Rastetter E B. A model analysisof N and P Imitation on carbon accumulation in Amaznian secondary forest after
alterate land-use abandormentv. Biogeochemistry, 2003, 65: 121-150

[24] WardleD A, WalkerL R, Bardgett R D. Ecosysten Properties and Forest Decline in Contrasting Long-Tem Chronosequences Science, 2004,
305: 509-513

[25] Kitayana K Camment on“ Ecosystan Properties and Forest Decline in Contrasting Long-Tem Chronosequences’. Science, 2005, 308: 633h

[26] LemanA, Mackenzie F T, Ver LMB. Nitrogen and phosphorus contolsof the carbon cycle Joumal of Conference Abstracts, 2000, 5: 638

[27] HuangC Y. Pedology. Beijing Chinese Agricultural Press 2000

[28] de Camargo PB, Trumbore S, MartinelliL, etal Soil carbon dynamicsin regrowing forest of eastern Amaznia Global ChangeB iology, 1999, 5:
693-702

[29] BatjesN H. Total carbon and nitrogen in the ilsof theworld Europe Joumnal of Soils Science, 1996, 47: 151-163

[30] PostW M, PasorJ, Zinke PJ, et al Global pattemsof il nitrogen sorage Nature, 1985, 317: 613-616

[31] DiseN B, Matzner E, ForsusM. Evaluation of organic horizn C N ratio as an indicator of nitrate leaching in conifer forests across Europe
Envirormental Pollution, 1998, 102(Sl): 453-456

[32] Gundersen P, Callesen |, deVriesW. Nitrate leaching in forest ecosystansis controlled by forest floor C/N ratia  Envirormental Pollution, 1998,
102: 403-407.

[33] Ptacnik R, Jenerette GD, VerschoorA M, etal Applicationsof ecological soichiometry for sustainable acquisition of ecosystan ervices O IKOS,
2005, 109: 52-62

[34] Gusawell S, KoerssmanW, VerhoevenJ TA. BiomassN P ratios as indicatorsof nutrient limitation for plant populations inW etlands Ecological
Applications, 2003, 13(2): 372-384

[35] TesserJ T, Raynal D J U <= of nitrogen o phoghorus ratios in plant tissue as an indicator of nutrient limitation and nitrogen saturation Journal of

http: / Mwmww. ecologica cn



3946 28

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]
[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]
[55]

[56]
[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Applied Ecology, 2003, 40: 523-534

Ollinger SV, SnithM L, MartinM E, etal Regional variation in foliar chemistry and n cycling anong forests of diverse hisory and canposition

Ecology, 2002, 83(2): 339-355.

Aitkenhead JA, MdDowellW H. Soil C N ratio as a predictor of annual riverine DOC flux at local and global scales Global Biogeochemical
Cycles, 2000, 14(1): 127-138

Gathumbi SM, Bohlen P J, GraetzD A. Nutrient Enrichment of W etland V egetation and Sediments in Subtropical Pastures Soil Sci So¢ Am

J 2005, 69: 539-548

Schimel D S Biogeochemical feedbacks in the earth system.  In: Leggettd ed Global waming the greenhouse report Oxford University Press,
Oxford, England, 1990, 68-82,.

Shaver G R, BillingsW D, Chgpin F S 1ll, et al Global change and the carbon balance of arctic ecosystans BioScience, 1992, 42: 433
- 441

Rastetter EB and Shaver GR A model of multiple-elenent limitation for acclimating vegetation Ecology, 1992, 73: 1157-1174

McKane R B, Ragtetter E B, Melillo JM, et al Effects of Global change on carbon siorage in tropical forests of South America Global
Biogeochemical Cycle, 1995, 9: 329-350

Tovnend A R, Brawell B H, Holland E A, et al Spatial and tamporal patterns in terrestrial carbon sorage due t deposition of fossil fuel
nitogen Ecological Applications, 1996, 6: 806-814

Sinsabaugh R L, AntibusR K, LinkinsA E, et al Wood decomposition: nitrogen and phogphorus dynamics in relation to extracellular enzyme
activity Ecology, 1993, 74: 1586-1593

Sinsabaugh R L, Moorhead D L. Reource allocation to extracellular enzyme production: a model for nitrogen and phogphorus control of litter
decomposition Soil Biology and Biochemistry, 1994, 26: 1305-1311

OlanderL P, Vitusek PM. Regulation of il phogphatase and chitinase activity by N and P availability Biogeochemistry, 2000, 49: 175 - 190

McgroddyM E, Daufresme T, Hedin L O. Scaling of C N P soichiometry in forestsworldvide: Implications of terrestrial redfield-type ratios

Ecology, 2004, 85(9): 2390-2401

Peng PQ, ZhangW J, TongCL, etal Soil C, N and P contentsand their relationshipswith il physical properties in wetlandsof Dongting L ake
flood plain Chinese Joumal of Applied Ecology, 2005, 16 (10): 1872-1878

AberJD, Melillo JM. Litter decomposition: measuring relative contributions of organic matter and nitrogen t forest ®ils Canadian Journal of
Botany, 1980, 58: 416-421

M cClaugherty C A, PastorJ, AberJD. Forest litter decomposition in relation © il nitrogen dynamicsand litter quality Ecology, 1985, 66: 266-
275

Bosatta E, Agren G | Dynamicsof carbon and nitrogen in the organic matter of the il: A generic theory The American Naturalist, 1991, 138:

227 245

GriffithsB S, RitzK, Bardgett R D, etal Ecosystan reponse of pasture il communities to fumigationinduced microbial diversity reductions an
exanination of the biodiversity ecosysten function relationship. Oikos, 2000, 90: 279-294

Viousk PM, AberJD, Hovarth RW, etal Human alterationsof the global nitrogen cycle surcesand consequences Ecological Applications,

1997, 7: 737-750

Falkoni, P, ScholesR J, Boyle E, etal The global carbon cycle a test of our knowledge of Earth asa systen. Science, 2000, 290: 291-296

Jobbagy E G and Jack®n R B.  The distribution of il nutrientswith depth: global pattems and the imprint of plants B iogeochemistry, 2001, 53:

51-77.

Glisavell S N P ratios in terrestrial plants variation and functional significance New Phytblogist, 2004, 164: 243-266

ZhangL X, Bai Y F, Han X G Differential Regponsesof N: P Stoichiometry of L eymus chinensis and Carexkorshinkyi o N Additions in a Steppe
Ecosystem in NeiMongol ActaBotanica Sinica, 2004, 46(3): 259-270.

Campo J, Vazquez-YanesC. Effectsof N utrient L imitation on A boveground Carbon Dynamics during Tropical D ry Forest Regeneration in Yucatan,

Mexica Ecosysteans 2004, 7: 311-319

Hobbie SE, GoughL. Foliar and il nutrients in tundraon glacial landscgpesof contrasting ages in northem A laska Oecologia, 2002, 131: 453-
462

Daufresne T and LoreauM. Ecological Stoichiometry, Primary Producer Decamposer Interactions and Ecosysten Persistence Ecology, 2001, 82
(11) : 3069-3082

Schimel D S All life is chanical BioScience, 2003, 53(5) : 521-524

Gallovay JN, Cowling EB, Seitzinger SP, et al Reactive nitogen: oo much of a good thing? AMB O, 2002, 31: 60-63

Mackenzie F T, VeraL M, Leman A. Centuryscale nitrogen and phoghorus controls of the carbon cycle Chemical Geology, 2002, 190: 13
-32

Nadelhoffer K J, Emmett A, Gundersen P, et al Nitrogen deposition makes a minor contribution t carbon sequestration in temperate forests

Nature, 1999, 398: 145-148

SchlesingerW H, Lichter JH. Limited carbon storage in il and litter of experimental forest plots under increased amogpheric CO,. Nature 2001,

http: / Mwmww. ecologica cn



3947

[66]
[67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]
[75]
[76]
[77]
[78]
[79]
[80]
[81]
[82]
[83]
[4]
[11]
[12]
[27]
[48]
[57]
[69]
[70]
[73]
[74]

[75]
[76]

411: 466

Oren R, EllsvorthD S, Johnsen K H, etal Soil fertility limits carbon sequestration by forest ecosystens in a GO, -enriched amogphere Nature,
2001, 411: 469-472

AltabM A, HigginonM J, MurrayD W. The effect of millennial-scale changes in A rabian Sea denitrification on atmogpheric CO,. Nature, 2002,
415: 159-162

Ganeshran R S, Pedereen T F, Calvert SE, et al Reduced nitrogen fixation in the glacial ocean inferred from changes in marine nitrogen and
phogphorus inventories Nature, 2002, 415: 156-159

FangJ Y, Liu GH, Xu, SL. Carbon resenoir of terrestrial ecosystan in China In: Wang GC, Wen Y P, eds Monitoring and relevant process
of greenhouse gas concentration and emisson Beijing Chines enviorment sciences Press, 1996 109-128

Wu ZM, ZengQB, LiYD, etal A prelminary research on the carbon storage and CO, release of the tropical forest ®ils in Jianfengling, Hainan
isand, China Acta Phybeologica Sinica, 1997, 21(5): 416-423

FangJ Y, Chen A, PengC H, etal Changes in forest biomass carbon storage in China betveen 1949 and 1998 Science, 2001, 292 (5525):
2320-2322

Fang Y, Mo J, Peng S, et al Role of forest succession on carbon sequestration of forest ecosystams in lover subtropical China Acta Ecologica
Sinica, 2003, 23(9), 1686-1694

Niu Z, Chen Y H, SuiH Z, et al Mechanisn analysis of leaf biochemical concentration by high gectral renote snsing Joumal of Remote
Sensing, 2000, 4(2): 125-130

ShiRH, Niu Z, ZhuangD F Feasbility of EstmatingL eaf C/N Ratio with Hyperpectral Remote SensingData Remote Sensing Technology and
Application, 2003, 18(2): 76-80.

YanCY, Jiang GM, WangC, etal Theoretical Simulation of SingleL eaf’sOptical Characteristics Joumal of Remote Sensing, 2003, 7(2): 81-
85

Shen Y, Niu Z, Yan C Y. Estmation models for vegetation water content at both leaf and canopy levels Chinese Joumal of Applied Ecology,
2005, 16(7): 1218-1223

HanW, FangJY, GuoD, etal Leaf nitogen and phogphorus sbichiometry across 753 terrestrial plant gecies in China Newv Phyblogist, 2005,
168: 377-385

Schimel D S Terrestrial ecosystans and the carbon cycle Global Change Biology, 1995, 1. 77-91

Larsen T, Seip H, Sanb A, etal Acid deposition and itse ects in China an overviev. Enviormental Science & Policy, 1999, 2: 9-24
ArainM A, Black TA, BarrA G, et al Effectsof ssanal and interannual climate variability on net ecosysten productivity of boreal deciduous
and conifer forests Canadian Journal of Forest Research, 2002, 32: 878-891

Vibusek PM, TumerD R, KitayanaK Foliar nutrients during long-term il development in Havaiian montane rain forest Ecology, 1995, 76,
712-720

Moorcroft PR, Hurtt G C, Pacala SW. A Method for Scaling V egetation Dynamics The Ecosystan Demography Model Ecological M onograph,
2001, 71(4), 557585

Brovn JH. Macroeoology: progress and progpect Oikos 1999, 87, 3-14

) , . . : , 1999
. NP . , 2003, 45(9): 1009 1018
, . : . , 2005, 29(6): 1007 1019
. . : , 2000
, , , . . , 2005, 16 (10): 1872 1878
, , . N N P . , 2004, 46

(3): 259 270
, 1996, 109 128
. , 1997, 21(5): 416 423
) ) y o . , 2000, 4(2): 125 130
. . , 2003, 18(2): 76 80
) ) yo . , 2003, 7(2): 81 85
) ) . . , 2005, 16(7): 1218 1223

http: / Mwmww. ecologica cn



